Synopsis The mitochondrial genome of basal animals is generally more slowly evolving than that of bilaterians. This difference in rate complicates the study of relationships among members of these lineages and the discovery of cryptic species or the testing of morphological species concepts within them. We explore the properties of mitochondrial and nuclear ribosomal genes in the cnidarian order Actiniaria, using both an ordinal-and familial-scale sample of taxa. Although the markers do not show significant incongruence, they differ in their phylogenetic informativeness and the kinds of relationships they resolve. Among the markers studied here, the fragments of 12S rDNA and 18S rDNA most effectively recover well-supported nodes; those of 16S rDNA and 28S rDNA are less effective. The general patterns we observed are similar to those in other hexacorallians, although Actiniaria alone show saturation of transitions for ordinal-scale analyses.
Introduction
Molecular evolution is generally slower in the basal lineages of animals than in bilaterians (France et al. 1996; van Oppen et al. 1999; Shearer et al. 2002; Duran et al. 2004; Lavrov et al. 2005; Tseng et al. 2005; Hellberg 2006; Wörheide 2006) . This makes it more difficult to evaluate rate and tempo of animal diversification (Lavrov 2007; Huang et al. 2008) , renders reconstruction of metazoan phylogeny more complicated, and poses particular challenges for interpreting diversity and diversification of these ''slow'' lineages (Geller and Walton 2001; France and Hoover 2002; Wörheide 2006; Park et al. 2007; Huang et al. 2008; Shearer and Coffroth 2008) .
Anthozoan cnidarians are among the most slowly evolving metazoan lineages, showing rates of mitochondrial evolution 100 or more times slower than those of other marine invertebrates (Hellberg 2007) . The rate of evolution for nuclear genes has not been well-studied, but tends to be higher than that for mitochondria in the few instances known (Hellberg 2007) . Although the split of Anthozoa into its constituent clades Hexacorallia and Octocorallia is well-supported (France et al. 1996; Berntson et al. 1999 Berntson et al. , 2001 Won et al. 2001; Daly et al. 2002 Daly et al. , 2003 Medina et al. 2006; Brugler and France 2007) , relationships within each of these clades are poorly resolved. For example, although each order has generally been recovered as monophyletic (reviewed in Daly et al. 2003 Daly et al. , 2007 , ordinallevel relationships among hexacorallians vary with the taxa sampled (Chen et al. 1995; Won et al. 2001; Daly et al. 2002 Daly et al. , 2003 Medina et al. 2006; Brugler and France 2007; Sinniger and Pawlowski 2009) . In Octocorallia, ordinal-level relationships are more ambiguous, as many of the higher-level groups are not monophyletic (Berntson et al. 1999 (Berntson et al. , 2001 Sánchez et al. 2003; McFadden et al. 2006; France 2007) . Within apparently monophyletic hexacorallian orders, most of the morphologically-based taxonomic groups are not well-supported (Fukami et al. 2004a (Fukami et al. , 2008 Sinniger et al. 2005; Swain and Wulff 2007; Daly et al. 2008; Rodríguez and Daly 2010) . The lack of congruence between the sequence data and morphologically circumscribed groups may reflect the inadequacy of either kind of data. In the case of the hexacorallian order Actiniaria, the lack of consensus about phylogeny based on morphological features (reviewed by Daly et al. 2008 ) makes the DNA data especially important. This in turn makes the choice of markers and the potential of those markers to reconstruct phylogeny more critical.
We evaluate the phylogenetic signal of a suite of markers commonly used for phylogenetic inference in a sample of hexacorallians, members of the order Actiniaria. These markers have been evaluated with respect to a broad sample of the major lineages (approximately familial-level) of Actiniaria, and a more-focused sampling of members of the family Hormathiidae and its allies. Hormathiidae is not monophyletic; we have included the representatives of the relatively species-poor lineages allied with it (see Gusmão and Daly 2010) . This hierarchical sampling strategy allows us to determine whether the lack of phylogenetic signal is the result of ''too much'' or ''too little'' variation, and to see how robust certain patterns are to denser taxonomic sampling. In addition to general properties of the markers, we examine the degree of variation and their effectiveness at recovering key nodes. This is the first such study of potential markers for higher-level phylogenies of hexacorallians, and complements existing studies of species-level variation in actiniarians (Stoletzki and Schierwater 2005; Acuña et al. 2007; Worthington-Wilmer and Mitchell 2008) , scleractinians (Wolstenholme et al. 2003; Fukami et al. 2004a; Mackenzie et al. 2004; Shearer and Coffroth 2008; Eytan et al. 2009 ), and zoanthideans (Reimer et al. 2004 (Reimer et al. , 2006 (Reimer et al. , 2008a (Reimer et al. , 2008b Sinniger et al. 2008 Sinniger et al. , 2010 .
Methods
All DNA sequences were amplified and sequenced following the protocols of Daly et al. (2008) and Gusmão and Daly (2010) . Sequences for each marker were aligned in Muscle (Edgar 2004 ) using the default parameters; independent alignments were constructed for each taxon sample, resulting in taxon/marker data sets (Table 1) . For the broad-scale data sets, antipatharians were used as the outgroup; for the focused data sets, the endomyarian Bunodactis was used as the outgroup. All data sets are archived in Dryad (http://www.datadryad.org/).
The Akaike Information Criterion (AIC) as implemented in ModelTest 3.7 (Posada and Crandall 1998; Posada and Buckley 2004) was used to identify the best-fit model of sequence evolution for each data set. We used MEGA 4 (Tamura et al. 2007 ) to determine base frequencies, transition/transversion bias, and number of parsimony informative and invariant sites for each data set. Positions containing gaps or missing data were eliminated only in pair-wise comparisons of sequences. Calculations of transition/transversion bias assumed uniform substitution rates among sites and homogenous substitution patterns within lineages. Maximum, minimum, and average pair-wise distances were calculated for each individual data set; these distances were also recorded for the major clades Edwardsiidae, Acontiaria/Boloceroidaria/Mesomyaria (ABM) and Endomyaria (see Daly et al. 2008 ) of the broader data set. All reported distances are Kimura 2-Parameter distances (K2P: Kimura 1980) ; this metric is most effective for sequences having low divergence rates (Nei and Kumar 2000) and has been calculated for other hexacorals, allowing comparisons between groups. For each maker and taxon sample, K2P distances for both transitions and transversions were generated in DAMBE (Xia 2000) and were plotted in Minitab 15 (Minitab Corp., www. minitab.com) .
Parsimony analysis of individual and combined alignments were conducted in TNT v1.1 (Goloboff et al. 2000) , using random and consensus sectorial searches, tree drifting, and 10 rounds of tree fusing. Gaps were coded as ambiguous (?) rather than as a fifth state. This coding method is identical to that implemented in likelihood analyses, and so facilitates comparison of results obtained by different optimality criteria (see below). Trees of minimum length were found at least ten times. Support for clades was estimated using 10,000 rounds of jackknife re-sampling. We recorded the number of equally parsimonious trees and the number of resolved nodes in strict consensus for each marker and for the combined data set of all markers. The Incongruence Length Difference test (ILD: Farris et al. 1994 ) was used to identify instances of significant incongruence within and between the nuclear and mitochondrial markers. The number of resolved nodes and nodes in common were determined with reference to the strict consensus tree for the combined data set (Figs. 1 and 2). Our primary trees contained no polytomies, so nodes in the strict consensus trees are judged to be resolved if they are dichotomous. A node was judged to be in common between the strict consensus of the individual analyses and the combined analysis if the clade defined by that node contains exactly the same members; if a (continued) particular taxon was not present in the individual data set, its placement in a clade in the combined tree was ignored for the purpose of comparison. The parsimony trees are more easily compared across taxon samples and markers with differing underlying rates of evolution, and so are the focus of the present comparisons. However, support for major clades was also assessed in a probalistic framework. One thousand rounds of likelihood bootstrapping was conducted using RAxML HPC-2 (Stamatakis 2006; Stamatakis et al. 2008 ) on the Abe server of the CIPRES portal ) Model parameters were estimated by RAxML. In the combined analysis, these parameters were estimated separately for each gene partition. Consensus trees were visualized in PhyFi (Fredslund 2006) . Bayesian support values were estimated using Mr. Bayes 3.1.2 (Huelsenbeck and Ronquist 2001) via the Abe server of the CIPRES portal ). Two independent runs were started from random trees using one cold and seven heated chains for five million generations, each with trees sampled every 1000th generation. To increase the probability of chain convergence, we sampled trees after the standard deviation values of the two runs was 50.01. Bayesian support values were evaluated on the 50% majority rules consensus tree (Holder et al. 2008 ) visualized in Mesquite (Maddison and Maddison 2009) .
To assess the information content of each gene partition and the combined data sets, we calculated the Data Decisiveness Index (DD; Goloboff 1991), using the formula: DD ¼ (S*ÀS)/(S*ÀM), where S* is the average length of all trees, S is the length of the most parsimonious tree(s) and M is the minimum possible number of steps for the data set. The average length of all trees was estimated with PAUP version 4.0b10 (Swofford 2003 ) using 100,000 random trees.
Results

12S
Approximately 820 bases of 12S rDNA were sequenced for these species. The base frequencies are similar for both the broad and focused taxon samples, which have relatively few cytosines and relatively more adenines (Table 2) . Although the length of the amplicon is approximately the same for both the Gusmão and Daly (2010) for information on vouchers.
broad-scale and focused taxon samples, the aligned length differs significantly; the alignment is almost twice as long for the broad taxon sample. The broad taxon sample has more parsimony-informative sites and more autapomorphic sites than does the focused taxon sample, and has an average pair-wise distance between terminals twice that of the focused taxon sample (Table 2) . Pair-wise distances are the same within the ABM and Endomyarian clade, and are lower in the Edwardsiid clade (Table 3 ). The ABM clade (which contains the Hormathiidae) shows greater average within-group divergence than does the focused taxon sample, which includes taxa from this larger clade. For 12S, the broad taxon sample has a much higher relative proportion of transitions, and shows saturation for transitions (Fig. 3) . The ts/tv of 3.3 for the focused data set is more than twice that of the broad-scale data set, and is the largest we calculated for any data set (Table 2) . Although 12S is the most decisive individual data set in terms of the Data Decisiveness Index (DD) for the broad taxon sample (Table 4) , the strict consensus for the broad taxon sample has fewer resolved nodes in consensus than does the combined data set, and does not include many nodes seen in the combined tree. Although it includes a monophyletic Nynantheae, the strict consensus does not recover ABM, Edwardsiidae, or Endomyaria. The boloceroidarians (the ''B'' of the ABM clade) are basal rather than nested within the Acontiarian clade, and Edwardsiidae is not monophyletic, because Edwardsianthus falls to the base of the tree. Despite the relatively high number of primary trees and the lack of support for the major clades, the Fig. 1 Most parsimonious tree for the broad-scale taxon sample combined data set (see Daly et al. 2008) . Nodes retained in strict consensus of individual-marker analyses indicated. Nodes recovered in all individual analyses are marked with a star. Clade labels refer to Table 6 . The Hormathiidaeþ clade includes Actinoscyphiidae and Nemanthidae. The Sagartiidaeþ clade includes Aiptasiidae, Diadumenidae, Haliplanellidae, Metridiidae, and Sagartiidae.
12S consensus tree ( Fig. 4A ) contains many nodes also found in the combined data-tree ( Fig. 1 ). This marker does best at recovering relationships among members of the ABM clade, sharing 7 of 24 nodes (29.2%) within ABM with the combined tree; in contrast, only 4 of 16 (25%) nodes within Endomyaria are seen in the 12S tree (Fig. 4) .
For the focused sample, 12S is the second-most decisive marker, having a DD value slightly lower than that of 16S (Table 5 ). The 12S tree and the combined tree share eight nodes, having $25% of their groups in common. Substantial support is limited to a few sublineages within the ABM clade (Table 6 ). For the broad-scale data set Endomyaria, Edwardsiidae, and the ABM clade itself are either present and unsupported, absent, or conditionally present, disrupted by a single wild-card taxon (Table 6) ; no optimality criterion finds substantial support for any of these groups. Clades within ABM (e.g., Hormathiidaeþ, Sagartiidaeþ, and Aiptasiidae: Fig. 1 ) are generally recovered by all methods, regardless of taxon sample (Table 6) .
16S
Approximately 450 bases of 16S rDNA were sequenced for these species. The base frequencies are similar both for the broad and the focused taxon samples, which have relatively few cytosines and Fig. 2 Strict consensus of two equally optimal trees for the combined sample for the focused taxon data set (see Gusmão and Daly 2010) . Nodes retained in strict consensus of individual marker analyses are indicated. Nodes recovered in all individual analyses are marked with a star.
relatively more adenines and tyrosines ( Table 2) . The broad taxon sample has an alignment length twice that of the focused taxon sample. The broader taxon sample data set has more parsimony-informative characters by an order of magnitude, and a slightly higher ts/tv ratio ( Table 2 ). The average distance is approximately nine times greater in the broad-scale data set than in the focused data set. The greatest distance is between the ABM and Edwardsiidae clades; this distance is identical to the within-clade distance for the ABM clade (Table 3) . Surprisingly, the ratio of transitions to transversions is higher when a broader swath of taxonomic diversity is considered; this is the only locus for which this is the case. In the broad taxon sample, 16S shows saturation of transitions (Fig. 3) ; the focused taxon sample does not show saturation for any marker or kind of substitution.
Parsimony analysis of the 16S data set for the broad taxon sample recovered 63 trees, more than any other data set. For the broad taxon sample, the 25 nodes retained in the consensus span the tree (Fig. 4B ), but are largely incompatible with the relationships in the combined analysis. The 16S consensus tree includes a monophyletic Nynantheae and Endomyaria, but not a monophyletic ABM or Edwardsiidae. Polyphyly of ABM is due to the errant placement of a handful of its taxa, which generally fall as basal members of Nynantheae or basal constituents of the Endomyaria clade. Only three terminal groups are shared between the 16S and combined trees: two within ABM (8.3%) and one within Endomayaria (6.3%).
Although 16S recovers the second greatest number of trees for the focused data set (Table 5) , it is most decisive in terms of DD. The strict consensus of the 42 primary trees retains 16 nodes (Fig. 5B) ; only four of these are also seen in the combined analysis. Of the major lineages surveyed, only the pairing of Aiptasia and Bartholomea is recovered with substantial support (Table 6 ). Although Endomyaria is not well-supported, this clade is present in both the MP and ML analyses; this is the only individual data set in which Endomyaria appears in the parsimony consensus, and is one of two for which Endomyaria appears in the tree of greatest likelihood (Table 6 ). Hormathiidae is most weakly supported by this data set (Table 6) .
18S
Approximately 1800 bases of 18S rDNA were sequenced for these species. The broad-scale data set contains approximately 500 more inferred sites and has approximately twice as many parsimonyinformative characters (Table 2 ). The average pair-wise distance is three times greater in the broad-scale data set than in the focused data set. This difference likely reflects the greater representation of the Endomyarian clade in the broad-scale sample; the within-clade distances for Endomyaria are greater than any of the between-clade distances, and exceed the within-clade distances for the ABM and Edwardsiid clades by a factor of three and six, respectively (Table 3 ). The ts/tv ratio is approximately the same for the two taxon samples and is the highest ratio calculated for the focused taxon sample. Transitions are saturated in the broad taxon sample, but transitions are not (Fig. 3) ; neither is saturated in the focused taxon sample.
Parsimony analysis of the broad-scale 18S data set recovered 42 trees. The 33 nodes retained in the consensus span the tree (Fig. 4C) . The 18S consensus tree includes a monophyletic ingroup and Edwardsiidae, but does not find monophyly of ABM or Endomyaria. Within these major lineages, however, some terminal relationships are recovered, including three of 16 within Endomyaria (18.5%) and six of 24 within ABM (25%). Despite the relatively large number of resolved nodes in consensus, 18S has the lowest DD score for the broad taxon sample.
For the focused taxon sample, 18S has the greatest degree of resolution in consensus, retaining 20 clades. Of these 20 nodes, seven are also seen in the combined data set tree; these span the tree but are primarily terminal relationships. Relatively few of the major clades have substantial support under any optimality criterion or method (Table 6 ). However, all methods strongly support monophyly of Edwardsiidae (Table 6 ).
28S
The 28S fragment sequenced for the broad-scale taxon sample is longer than that recovered for the focused taxon sample, although the same primers were used; the maximum amplicon length was 960 for the broad-scale data set and 897 for the focused data set ( Table 2 ). The difference in raw sequence length does not explain the great difference in aligned length, which is more than four times greater for the broad taxon sample than for the focused taxon sample. The much longer alignment has slightly more than twice as many variable sites and slightly more than twice the average distance, but slightly less than twice as many parsimony-informative characters (Table 2 ). This is the only locus for which base frequencies differed among taxon samples. Different frequencies notwithstanding, the relative proportions are similar: guanine is the most common base, and tyrosine the least common (Table 2 ). The broad-scale data set has more adenine than cytosine, and the focused data set shows the opposite pattern, but the differences are relatively slight. The ts/tv ratio is slightly greater in the focused data set (Table 2 ). Transitions show saturation in the broad taxon sample, but transversions do not (Fig. 3) ; neither shows saturation in the focused taxon sample. This locus is the only one for which between-clade distances are similar for all clades and for which between-clade distances exceed within-clade distances; the distance is greatest between the Edwardsiid and Endomyarian clades (Table 3) . The broad-scale 28S data set resulted in the smallest set of equally parsimonious trees for any single locus, and the strict consensus of these had the most resolved nodes (Table 4 and Fig. 4D) . Nonetheless, the consensus of the 28S trees does not include any of the major clades, save the ingroup. Because neither ABM nor Endomyaria are recovered even broadly, comparison of nodes is best made at the scale of the ABM and Endomyaria together; of the 40 nodes in this combined group, only five (12.5%) are in the 28S consensus tree.
Despite having relatively few primary trees, 28S has the lowest DD score for the focused taxon sample. The strict consensus retains many terminal relationships, and contains the greatest number of nodes in common with the combined data set (Table 5 ). Substantial support is limited to sublineages within the ABM clade (Table 6) : Hormathiidae and Aiptasiidae have substantial bootstrap support in a likelihood framework
Comparison of the markers
The nuclear markers we have sequenced are almost three times longer than the mitochondrial markers. For the broad taxon sample, the two are generally similar in terms of proportion of parsimonyinformative characters but differ in proportion of invariant sites; the nuclear markers have three times the proportion of invariant sites (Table 2 ). This pattern is not seen in the focused taxon sample, for which the proportion of invariant sites is nearly identical between the mitochondrial and nuclear loci. The ts/tv ratio is slightly higher in the mitochondrial data set both for the broad data set and focused data set. The average pair-wise distance between sequences is slightly greater in the nuclear markers, even in the broad-scale data set, for which the mitochondrial markers have a greater fraction of parsimony-informative characters.
The broad-scale data sets were all best explained by a general-time-reversible model of sequence evolution that incorporates invariant sites and a gamma distributed parameter for heterogeneity in rate. Numbers refer to the support values for a particular group. Clades recovered with 550% support are indicated with a plus (þ), those disrupted by a single wildcard taxon are indicated with a congruent sign (ffi), clades not present are indicated with a minus (À). For clades present in both the broad and focused data sets, the support value for the broad-scale data set is presented first; that for the focused data set follows. Refer to Fig. 1 for composition of each major clade. This model is also the best fit for the nuclear markers in the focused data sets. The best model varies more in the focused data sets. The best models for these data sets have fewer parameters than that of the corresponding broad-scale data set, particularly with respect to the number of parameters required for substitutions. This suggests that the focused taxon samples have less variation in substitution patterns than does the corresponding broad-scale data set, a pattern that is logical given the within-clade differences in the broad-scale data sets. Although the base frequencies for each marker differ between the focused and broad data sets, the relative frequencies are not substantially different among the ribosomal genes. Except in 28S, the frequencies of bases are similar in both the focused and broad taxon samples for a particular marker ( Table 2 ), suggesting that the underlying cause(s) of the deviations from equal frequency are associated with the loci or genome rather than being unique to certain sublineages. The composition of bases of the ribosomal markers suggests that some bases are disproportionally represented in unpaired (loop) regions of the rDNAs, or that mis-pairing in stems disproportionably involves these bases.
Underlying differences in the frequencies of bases are likely to impact the rate of substitution of one base for another. Nonetheless, despite distinct patterns in frequency of bases, general substitution patterns can be discerned. For the broad-scale taxon sample, the rate of change from adenine to guanine is approximately the same as the rate of change from guanine to adenine, regardless of data set. In contrast, changes from cytosine to tyrosine are more likely in the 16S and 18S than are changes from tyrosine to cytosine. In general, changes from adenine, guanine, or tyrosine to cytosine are the least frequent; this pattern is seen across markers for the broad-scale data sets. The strongest pattern is the relative paucity of changes to adenine in 28S; the aggregate probability of a change to adenine is lower than that for any other base, even though the probability of changing from tyrosine to adenine is greater than the reverse. Adenine is not especially rare or common in the broad-scale 28S data set (24.2% of the observed bases). Changes from adenine, guanine, or cytosine to tyrosine are the most common for the broad-scale data sets, and are especially common in the 16S and 18S data sets, although tyrosine is not the most common base in any of the constituent data sets. Thus, the frequencies of bases alone are implausible as an explanation for differing probabilities of change. The relative frequencies of transitions and transversions do not follow a clear pattern. Transitions reach saturation in the broad taxon sample for all markers (Fig. 3) .
When comparing the focused and broad data sets for a single marker, the proportion of singleton characters is lower in the focused taxon sample (Table 2) . Thus, features that are singletons in the broad-scale analysis are either invariant or synapomorphic at lower levels. Among the markers examined here, only 12S shows relatively fewer invariant characters in the focused data set, suggesting that singleton sites in the broad-scale analysis are synapomorphic for more exclusive clades. For all markers, the length of the alignment is much shorter for the focused data set; the nuclear markers showed more variation than the mitochondrial markers in the degree to which indels were invoked.
Discussion
Information, variation, and marker choice All of the markers examined recovered monophyly of the ingroup for its particular taxon sample. Under all methods, all markers found a monophyletic Nynantheae for the broad-scale taxon sample. This clade was also found in all likelihood and Bayesian analyses. All of the broad-scale parsimony analyses group the members of the focused ingroup, although the differences in taxon sampling make it difficult to localize this as a single congruent node between the two. Although several nodes within each combined tree were consistently recovered, all markers failed to find all of the major clades of the combined data set for a particular taxon sample (Table 6 ). The recovery statistics are worse for groups with greater numbers of members, as might be expected given the greater number of possible topologies for these groups. Because they are much more densely sampled in the focused data set, the impact of increasing the number of taxa is seen most profoundly when comparing the support values for Hormathiidaeþ or Sagartiidaeþ between the broad and focused data sets.
Among the methods applied to these data sets, Bayesian inference is consistently the most conservative in terms of the number of groups supported and the support values assigned to the groups it does recover. For all data sets, the Bayesian majority rules consensus tree invariably had many fewer nodes resolved than did the parsimony strict consensus tree or the likelihood bootstrap tree. For both the broad and focused data sets, the Bayesian support values assigned to the major clades are generally lower than the likelihood bootstrap or parsimony jackknife values (Table 6 ). This is in contrast to the general observation that Bayesian support values tend to be greater than are jackknife or bootstrap support values (Cummings et al. 2003; Erixon et al. 2003; Simmons et al. 2004) .
The combined data set of all four ribosomal markers provided the most resolved and best supported tree. The efficacy of simultaneous analysis (Nixon and Carpenter 1996) held across taxon sample, and within lineages: for only one lineage (Edwardsiidae) was support higher in an individual analysis than in the combined data set (Table 6 ). For the broad taxon sample, the markers differed significantly in terms of the number and depth of the nodes they recovered. The 28 S is the most resolved in consensus, but it has relatively few nodes in common with the combined tree and has substantial support for relatively few groups (Table 6 ). The 28S tree is the most discordant with the broad framework, having several taxa nested well within a clade that is clearly inappropriate, based on morphology and other DNA sequences; for example, it supports a clade comprised of Epiactis, Edwardsia, Nematostella, Actinia, Anthosactis, Triactis, and Cereus. A relationship among these taxa, exclusive of other endomyarians or acontiarians, is highly improbable (Daly et al. 2008 ). Neither recovers ABM or Endomyaria as monophyletic; these clades are well supported in combined analyses, and are congruent with morphological evidence (Daly et al. 2008) . The 18S and 12S are similar in terms of the number of nodes they contain in consensus, and both are more effective at resolving relationships among members of the ABM clade than among those of the Endomyaria. The congruent nodes within ABM recovered by 12S are particularly concentrated among the clade that includes the Sagartiidae and its kin; 18S is more effective at resolving relationships among the clade that includes Hormathia. Although 18S recovers one additional group, the two are very similar in their performance within Endomyaria, supporting the same terminal sibling relationships. The 16S is the least resolved in consensus, and fails to recover most major clades or many other nodes found in the combined tree or any of the other single-marker trees. Unlike the other markers, however, 16S retains little resolution at the most terminal level, but retains resolution at a depth of one to two nodes from the tips.
In terms of resolution and groups supported, 12S and 18S are remarkably similar. However, these markers differ in terms of their utility at other taxonomic levels and in their amplification profile, and thus are different in terms of their practical value for studying the phylogenetics of sea anemones. The amplicon length of 12S is one-third that of 18S, and it shows informative variation at lower levels; it is thus a better value than 18S for answering questions about sea anemones. However, 18S amplifies and aligns easily across the order, and across the subclass and phylum, and thus has value for studies that make broad comparisons. It is also effective at recovering relationships within the more focused taxon sample, but length and high fraction of uninformative characters is problematic for studies of familial-or generic-level phylogeny.
The utility of 28S depends on the degree of relatedness of the ingroup taxa. With respect to the broad-scale data set, 28S performs poorly: it shows the most conflict among its primary trees (and thus less resolution). Although it recovers the smallest number of primary trees, it is the least resolved individual data set for the focused taxon sample and has the lowest DD score. However, for the focused taxon sample, 28S has the greatest number (and also percentage) of resolved nodes in common with the combined tree. Saturation of the (relatively more abundant) transitions may explain the noisiness of 28S for the broad-scale taxon sample. Furthermore, complete sequences of 28S show promise in analyses of Cnidaria and Hexacorallia (P. Cartwright et al. unpublished data) and some regions within the molecule show polymorphism that may reflect speciesor generic-level relationships (M.D., personal observation).
The utility of 16S is less ambiguous. Like 28S, it performs poorly at recovering congruent relationships for the broad taxon sample. Unlike 28S, it is also ineffective at smaller taxonomic scales, having the smallest number of nodes in common with the combined tree. Based on the metrics assessed here, it is hard to recommend 16S for either broad-scale or focused studies of actiniarian diversity. However, 16S alone retains structure within the major clades, and may have promise for resolving relationships within families, especially in Endomyaria. The fragment of 16S we are using is shorter than that used by workers studying other hexacorals ($450 bp versus $650 bp). This difference in length is the result of using anemone-specific primers (Geller and Walton 2001) and may explain some of the difference in performance if the unsequenced portion of the gene contains proportionally more phylogenetically informative characters, or sites that are evolving in a different way than those captured by our primers.
The results we present have some value as guideposts for choosing markers for future studies of actiniarian diversity, but the clade-specific differences we observe render predictions complicated. Furthermore, no means of evaluating the appropriateness of markers in the absence of a tree (which requires that all markers be sequenced) provide consistent guidance. The rankings of the markers in terms of average distance, proportion of characters that are parsimony-informative, decisiveness, and degree of resolution, provide conflicting evidence about the anticipated performance of each marker. In general, the signal in the data is robust to analytical method; groups recovered or supported under one optimality criterion are generally supported under others (Table 6) .
Comparison between support values for the focused and broad-scale analyses (Table 6) shows that increasing taxon sample does not generally improve support. The erosion of support may reflect the partitioning of support among a greater number of branches; this is especially likely to be the case for the Hormathiidae clade, which is much more densely sampled in the focused data sets.
Distance does not predict informativeness of a marker, in terms of the proportion of nodes either resolved in consensus or the proportion of the resolved nodes that are congruent with mode data-rich analyses. Average K2P distance is greatest for 28S for the broad taxon sample, but this marker has poor performance in terms of resolution, decisiveness, and congruence. Clade-specific comparisons may explain this problem. The distances between pre-determined major clades are generally smaller than the distances within those clades (Table 3) . Neither the most divergent nor the least divergent clade is more likely to be recovered as monophyletic, nor are these more likely to show resolution in consensus.
In both the broad-scale and focused taxon sample, both the number of nodes recovered and the number of equally parsimonious trees fail to predict DD. For the broad taxon sample, 12S is most decisive, although it has fewer nodes resolved in consensus than does 28S and it equals 18S in terms of resolution and percent congruent nodes. For the focused taxon sample, 16S is most decisive; it recovers the greatest number of primary trees, has the second-lowest number of congruent nodes, and is tied for lowest number of resolved nodes.
Other means of assessing the potential informativeness of a marker, such as ts/tv ratio or proportion of characters that are parsimony-informative, also fail to correlate with distance or with informativeness measured as resolved, congruent nodes. For the broad taxon sample, the markers with the highest and second-lowest ratio of transitions to transversions are about identical in their informativeness. Neither shows high average distance within the ingroup for either taxon sample (Table 2) , nor does either show particularly high between-group distance (Table 3) for the broad taxon sample, excepting those comparisons involving 12S sequences for Edwardsiidae, which reflect the divergent sequences for Edwardsianthus gilbertensis. The equally informative 12S and 18S occupy the opposite ends of the spectrum in terms of percent of characters that are parsimony-informative, with 12S having the greatest proportion of parsimony-informative characters and 18S having the lowest. For the focused sample, 18S is clearly most informative, but it has the lowest proportion of parsimony-informative characters, and the second-lowest average distance.
Because these values do not generally correlate, it is not possible to use the broad-scale data to predict which markers might be informative at lower levels or to use the focused data set to predict which markers would work well at a more general level. This can be demonstrated by comparing the broad-scale results for ABM and the focused results, which address relationships within one of the two major groups within ABM. 28S has the greatest within-clade distance for ABM, but this marker is not particularly effective at recovering relationships within the focused taxon sample: its consensus includes a basal polytomy of six lineages, each of which has a single node further resolved within it.
We find only one correlate of informativeness among the properties of the data we examined here. The proportion of singleton (autapomorphic) characters is lowest in the most informative markers, and is highest in the least informative marker. This pattern holds for both the focused and broad-scale data set. This value does not strictly correspond to the proportion of parsimony-informative characters or the proportion of invariant characters, but relates to both of them.
Comparisons to other hexacorals
Of the markers, we have studied, 12S, 16S, and 28S have been most used for intra-ordinal comparisons for other Hexacorallia. Phylogenies using these markers have been published for lineages within Scleractinia and Zoanthidea. Although we recognize that lineage-specific factors likely impact the patterns observed in those other groups as they do in Actiniaria, our discussion focuses on the properties of each marker, rather than on patterns within those lineages.
In a broad-scale analysis of scleractinians, Chen et al. (2002) found that 12S supported the major division within corals, recovering reciprocally monophyletic ''complex'' and ''robust'' clades. The sequences did not show saturation for that relatively broad taxon sample (Chen et al. 2002) ; this contrasts with Actiniaria, which shows transitional saturation for ordinal-level comparisons (Fig. 3) . Unlike in Actiniaria, in scleractinians, 12S fails to retain resolution in terminal relationships. However, as Chen et al. (2002) studied relatively fewer taxa, this may reflect the intentionally broad sampling of that analysis rather than an underlying difference in the markers and their evolution within actiniarians and scleractinians. Sinniger et al. (2005) studied 12S in conjunction with 16S to reconstruct inter-ordinal patterns in Zoanthidea. The trees recovered by 12S alone are not shown in their analysis because of poor resolution and support, but the combined tree shows basal groups with some resolution within major clades. The adenine-bias of the actiniarian sequences ( Table 2) is seen in the zoanthid sequences (Sinniger et al. 2005) .
Among the studied markers, 16S has been used most widely. Romano and Palumbi (1996) used this marker to infer relationships among scleractinians, recovering the primary split between ''complex'' and ''robust'' lineages of corals. This split has been demonstrated in subsequent studies of 16S (Le Goff-Vitry et al. 2003) , whole mitochondria (Medina et al. 2006) , protein-coding loci (Fukami et al. 2004b (Fukami et al. , 2008 , and combined studies of ribosomal genes (Romano and Cairns 2000; Daly et al. 2003; Fukami et al. 2008 ). We see no major, wellsupported clades in our consensus tree for 16S from actiniarians. Across a broad sample of scleractinians (and in contrast to actiniarians), 16S shows no saturation (Romano and Palumbi 1997) . The combined study of 16S and 12S for zoanthids mentioned above finds patterns similar to those we see for Actiniaria: resolution of major branches, with relatively little terminal support (see Sinniger et al. 2005) . This is the same general pattern, we see for Actiniaria, although the groupings resolved are not wholly congruent with the combined tree for Actiniaria. Nonetheless, smaller-scale studies of relationship among Zoanthidea have used 16S, and have found groupings consistent with morphology, ecology, or other molecular data (Reimer et al. 2006 (Reimer et al. , 2008a Sinniger et al. 2008 Sinniger et al. , 2010 Swain 2009 ). Thus, for zoanthideans, 16S seems to resolve species and relationships between groups of species. As judged by our focused taxon sample, 16S is less effective at resolving relationships among groups of species in actiniarians than in zoanthideans.
Scleractinia is the only hexacoral lineage for which studies of 28S rDNA have been published. Romano and Cairns (2000) found that this marker complemented the signal of 16S, but failed to provide much resolution or support for major nodes. Cuif et al. (2003) found a similar pattern, and determined that 28S was not saturated across a broad sample of Scleractinia (including those studied by Romano and Cairns 2000) . The general characterization of 28S as poorly suited to broad-scale comparisons in terms of its phylogenetic informativeness is consistent with our results, although we find that 28S is saturated across a broad swath of actiniarian diversity. Wolstenholme et al. (2003) explored 28S within a much less inclusive group, and found that it effectively characterized morphological groups within the widespread species Acropora humilis. The potential of this marker to resolve relationships within species has not been examined for Actiniaria, but our focused analyses suggest that this may be a useful application, given the strong support we see for terminal, sibling relationships in the 28S consensus tree.
All hexacorallians are similar in that the ribosomal markers are generally congruent, and also similar in the performance of the markers in focused taxon samples. In general, 16S is the most widely used; the patterns of relationship recovered by this molecule strongly influence the working topology for Scleractinia and Zoanthidea (Romano and Palumbi 1997; Romano and Cairns 2000; Le Goff-Vitry et al. 2003; Fukami et al. 2004b Fukami et al. , 2008 Medina et al. 2006) . In contrast, our combined tree is more reflective of the 12S and 18S data, with 16S having relatively little in common with the combined tree (Table 4) . Only actiniarians show saturation for these markers, suggesting that the rate of evolution or time since divergence is higher for Actiniaria than for Scleractinia or Zoanthidea (or for the samples of taxa studied from these lineages).
